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AIRCRAJ'T  ARMAMENT  FOR  AlR-TO-(3iODND  OPQIATIONS 
INTRODUCTION 

Of  late,  extensive  and  valiiable  studies  have  been  mde  of  the 
aircraft  weapons  systems  in  their  undisputed,  but  not  necessarily  most 
productive  role,  air-to-air  combat.  Comparatively  little  attention  has 
bean  given  to  their  other  domains  of  usefulness,  in  yjai’ticular,  that  of 
tactical  air-to-gro\ind  operations. 

k comprehensive  and  detailed  study  of  this  operation  is  beyond 
the  scope  of  this  pro^iect.  However,  it  is  believed  necessary  to  identify 
sufficiently  veil  the  {;oveming  physical  phenomena  that  substantial  bases 
are  provided  for  recouunendations  either  for  further  studies  or  specific 
actions. 

In  particular,  this  re^iort  will  be  concerned  with  aircraft 
aramment,  the  aianunition  and  propellant  system  carried  aboard  the  airplane. 
However,  the  other  parts  of  the  system,  the  target,  the  tactical  situation, 
the  airplane,  the  fire  control  system,  the  navigation  system,  and  the  genex^l 
logistics  of  the  operation  will  1)6  considered  whorever  the  characteristics 
of  the  amaraent  cannot  be  considered  independently.  Soecifically,  this 
report  will 

1.  Subadt  a tasasurw  of  aircraft  armament  effectiveness, 

2.  Examine  systems  and  tactical  parameters  of  which  Ij^.  is  a 
function,  and  indicate  methouB  of  iiiaxiicdsing  Ij^ 

3.  Compare  Ij^'s  of  various  aircraft  armament  systems 

U.  Recommend  specific  actions  towatrd  obtaining  the  maximum  air- 
cral't  armament  effectiveness 
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A Heastire  of  Aircraft  Armaaent  Effectiveness 


It  is  sutwitted  without  arguaent  that  an  adequate  measure  of 


aircraft  armaaent  effectiveness  will  be  the  ratio  of  the  number  of 


kills  obtained  against  specified  targets  to  the  weight  of  the 


anuunent  installation  which  must  be  carried  by  the  aircraft  to  obtain 


those  kills.  Symbolically 


I - IXiaiX.-  N < 

Wp  Wo  ■ 


I Ph  L 


idMuret 


U.  - Weight  of  araawent  systeics  installation 


> Vel^it  of  warhead  per  round 


Wji  * Total  weight  of  warhead  in  tf© 


% « lumber  of  rounds  of  ammunition  in  Wq 
l^kll  ^ Kuober  of  kills  obtained  against  target,  T,  in  Wp 
> Probability  of  kill  per  round  against  target,  T 
^(k/h)T  " ^probability  of  kill  per  hit  against  target,  I 

[^uIt  **  Siagle-ohot  probability  of  hit  per  round  against  target,  T 
The  ^fectiveneos  index  equals  the  product  of  the  probability  of 


hit  par  round,  the  probability  of  kill  per  hit  per  pound  of  warhead. 


and  the  ratio  of  the  total  weight  of  warhead  to  the  total  T»aight  of 


aremiaent  system  installation. 


In  other  ISn^rd  ropoirbs,  the  inverse  of  the  product  of  hit 


probability  and  the  ratio  of  total  wariiead  weight  to  ordnance 


system  weight  has  been  called  the  ordnance  logistic  fee  tor,  L.  We 


sliall  adopt  the  saas  terminology,  but  since  in  this  case  we  are 
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soosldarlng  in  only  part  of  the  ordnance  eyatea  vei^t  (ig^ring 
the  airplane  wei^t)  vo  ahall  say  that: 


T 


':fhere: 

L„  « The  aircraft  armaaent  logistic  factor 
For  the  relationship  between  L and  see  (9)» 

Rpuiinatlon  of  Paraaeten 


P 

(k/h)T 

Wh 


Probability  of  kill  per  hit  per  unit  warhead  weight* 


The  paraneter 


^(k/h)T 


is  principally  a function  of  the  ^ype  of 


targetf  the  type  of  waudbead,  the  strlklug  velocity,  the  striking 


attitude,  and  the  typo  of  fusing..  For  sispllcity,  it  will  be  assuaMd 
that  coaparatively  this  paraneter  is  invariant  anong  all  aircraft 
aratfuaent  propellant  systras  capable  of  delivering  equal  warhead 


weight,  Wjj. 

" iircraft  amanent  logistic  factor. 

is  a fuactloD  of  two  paraoeters,  \hich  in  turn  are  functions 
of  laany  varlablea  peculiar  to  the  operation,  ae  follows: 

Ip.  1_  Z Probability  of  hit  ner  round  afialnat  tarcmt..  T.  la  a function 

• a ^ a . a.  ^ - 

of  I 

& ~ Slant  range  froso  point  of  releaee  to  target 
I « T ^ Target  (area,  shape,  nomal  to  trajectory) 
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* Dispersiooa  of  round  due  to  all  causes  other  than  release 
error  along  the  eight  line 

^ *■  Dlsperalon  of  round  doe  to  release  errors  along  the  sight 

o 

line.  In  txira  a function  oft 
B e Slant  range  fron  point  of  irelease  to  target 
V^e  Airplane  velocity  at  release 
Vy  s Velocity  of  round 
0 ■ Airplane  dive  angle  at  release 

* Belease  errors  along  sight  line,  in  range,  dive.-  angle, 
and  airplane  speed 


¥he  ratio  of  total  warhead  weight  to  the  ordnance  ayatea  weight 
la  a functlai  of  the  ratios  of  round,  gun,  inataUatloa  and  control 
weij^ta  to  the  w<i»ight  of  the  warhead  per  round  (l^  » Vg  , ) 

^ ^ ^ ^ 

which  in  %vtu  are  functions  of  varlablea  peculiar  to  the  operation  as 

foll.C«3@S 


Ratio  of  l9ound.  woii^t  to  warhead  wei^t,  a function  oft 

C'ju  w Vieiocits*^  of  round 
Bjj  z Calibisr  of  routui 
Ej_  ji  “iHyptt  of  TOund 

Eatio  of  gm  (or  p:rop©llliii,'  systeca)  weight  to  warhead  weight, 
a fuwtion  oft 
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Vp  a Volooltgr  of  round 
D|^  s Callbar  of  roond 
«g  ..  ««»r  gun. 

1^  s HtBBber  of  rotzods 
Tg  a Rat*  of  fire 

9 

0^  a type  of  guns 


Ratio  of  izistallatioa  v/eight  to  warhead  wwight  a fanetion  of « 
¥g  a Height  of  gtia 
Dh  a Caliber  of  round 


8g  m lUMber  of  guns 
Xg  “ Ruaber  of  round* 
r ; Eat*  of  firo 

o 

Of  : of  guns 

I|,  3 Type  of  Installatioa 

■ Ratio  of  ccmtrol  wei^t  to  warhead  w*i^t,  a ftaietioa  of  rate* 
of  change  of  the  fnndaaental  Yarlablee  as  wwll  as  of  tbn 


variables. 

There  are  other  fundawental  variablea  and  relatlooships  then  those 


listed  abor*«  Howeverf  it  is  beliered  that  «nott^  have  been  r*oo0ciis*d 
for  fairly  accurate  general  coaparison  of  aircraft  anaaaeot  STsteaSy 
yet  the  ntaber  has  been  kept  suffioiently  low  that  fairly  sisvle  analytic 
expreseions  aay  be  derivod. 

Thus  we  eayt 

^h  * ^ '^i»  ^g  Ta*  '^T*  ®>^^si^^ 
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“hAfo  ’ ( v;  > (W^,% ,XJ 


^.=  'Af 

Ik  = ^Af 


Wk 


w. 


It  vlU  be  observed  that  f and  g are  functions  of  cotanon  variables. 
Therefore,  and  cannot  be  treated  independently  in  maxi  mi  sing 

L„. 

An  Zxpression  for  Py, 

Assume  a rectangular  target  of  width,  w,  and  length,  1,  (normal 
to  the  target) . Assume  that  the  dispersion  of  the  weapons  system  may 
be  represented  by  a linear  standard  deviation  of  0"^  in  y (width)  and 


in  X (length),  where  (T^j.  and  XT'  are  measured  in  mils. 


Then: 


' \ 


3.Tr<r^r-  K'- 


F^Jr4^j  If-  ^ a J cU. 


For  values  of 


^ '^/a.  <4^ 

up  to  1*0,  the  following  relation 


S!/ 

/ -'"A 

A 


<r 


y 


does  not  introduce  errors  greater  than  15$ ^ the  eVror  decreasing  with 
decreasing  values  of  H cT"  R • 


Thus  for 


_J1_>  , .. 

xkt^R  ^ 


p ±:  2. 


w 


^ 

TT  icj- 


with  errors  not  greater  than  35$. 
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If  it  is  assumed  that  the  number  of  rounds  required  per  hit  is 
equal  to  the  reciprocal  of  the  sinftle-shot  hit  probability,  to  the 

nearest  higher  integer, 

js/  = >J 

h ^ 

for  values  of  ^^rr^-^1.0,  the  aaadmuai  error  will  not  be  greater  than 

t 

505C,  and  this  error  will  bo  greatest  for  the  least  number  of  rounds  re- 
quired (1^5  required  by  approximation  as  against  3 required  by  exact 
expression  f -)r  — r — ^ — c:  C.99l>« 

Inasmuch  as  for  the  t^gets  and  ranges  with  %ibich  we  are  most  con- 


eemed. 


• •i<4<I.Q,  it  la  considered  that  the  following  exrpression 


for  hit  probability  is  a satisfactory  approxlnatlon. 

P a, . 4__  w ■ ^ ^ / 


295^/? 


-c  1 


W j,  I 


In  the  above  expression,  the  variables  which  are  not  fundaxasntal 
are  and  . XT^  is  a function  of  both  <7"  and  xr  , 'rtdle 
XT'j  is  primarily  a function  only  of  57“^  as  defined  above.  It  will  be 
assumed  that  for  each  type  of  aircraft  armamunt  is  a constant,  the 
value  aveiviged  from  firing  tests.  However,  as  defined  above, 

so  that 


% fc  ,'^)=  ^ , V, , e,  , A £^)) 


With  the  above  assumption: 


P 


I 


At 

J 
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It  Bay  be  shown  that  for  a vacu\ia  trajectory  (see  Figure  1)  the 

trajectory  drop  may  be  expressed  as: 

£ = ^ 

R . A, 


irtieret 


And 


<5 

S 

V 

e 

V* 

.P€ 


Trajectory  drop  (ft./ft.) 

Trajectory  drop  (ft*) 

Slant  range  (ft.) 

Average  velocity  of  projectile  (ft. /sec.)  over  slant  range,  R. 
Anglj  of  airplane  flight  path  to  horizontal  at  tine  of  firing. 
Airplane  velocity  at  tine  of  firing. 


CJPsX-  & 


1 

R 


i R 

■9/^  “ 

^ V J 


- 

V. 


%\r' 


9 R 


a^i-' 


Ow 


ag  - _JL  Ji 

V 


<y 


Vh'ri-  ^ i 


Vc 


g) 

(See  Figure  2) 


CLKT" 


If  it  is  assusud  that  s: 


CT  ^ /y 

Vo  - ^ -r::  _ t / r. 


R 


R 


(T  ^ 


^E- 


V'  1 


0. 


-1 


v;,. 


(fZ-  ^ , 


R-  ■ ■T.-IiW  I 

V^-  5 R J 

Rd-.+  ©t  c'^W.  - ^ V-.  J 


e 


_A_g — j e © ,-  -2-^  ^ V4->-/ 

6 i v"  L V-  p .-9  / 

CU/-  ^ 
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and  that  thase  release  errors  are  the  pirlncig^il  ones  not  Included  in 

them  ^^  = 1 

J_  X Jifiissta- “ifrAR /j-aT  w 


L e ^ $ & yJ 

jUssuoe  for  a aonent  that  V.^  oay  be  chosen  arbitrarily,  independent  of 


B,  V-,  and  ©,  then: 


A.  K 'sA 


-f-  6) 


and  ■ 


Here  we  observe  that  if  is  snail  relative  to  (aay^  ^ 3rr^  ), 
ll.........  1 , Pjj  increases  linearly  with 

h 

increases  as  the  square  of 

Increases  as  the  reciprocal  of  the  cube  of  the 
range 

increases  as  the  reciprocals  of  and 
increases  as  the  reciprocal  of  cos  S 
If,  on  the  other  hand  U" is  large  relative  io  ^ ^ (say  )» 

. ■ < I , increases  linearly  with 


R 

increases  as  the  reciiirocal  of  the  square  of 
the  range 

Increases  as  the  reciprocals  of  andl/zl  ^ ^ 

Wh  ^ 

\7~  *9  also  a function  of  V^y  so  without  further  eacploration  of 

vV,-, 

their  relationship,  the  variation  of  I]j  with  cannot  be  stated.  However, 
is  not  a function  of  the  other  variables  except  as  V--  is  a 
function  of  the»,  so  that  for  our  assmption  of  an  arbitrary  V^y,  the 
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variations  of  with  R,  6 , (7^  and  generally 

the  same  as  those  of 

It  should  bo  observed  that  ranpe  has  a very  significant  effect  on 


Pj^  And  X|^  • 


r'2- 


rJ 

Theroforoy  training  and  equipment  plans  should  consider  the  ^ry 
considerable  gains  to  be  obtained  by  filling  at  short  i*an(:o.  (For 
exaiople,  although  aircraft  armor  to  protect  against  sniall'Cirms  anti- 
aircraft fire  and  fragment  damage  would  increase  the  reduction  In 
safe  firing  range  resulting  from  its  installation  might  well  Increase 
sufficiently  to  result  in  higher  Ij^'a  for  the  armored  airplanes.) 

For  a particular  weapon,  where  may  not  be  independent  of  H, 

Vn,  and  © , the  same  general  trends  follow,  modified  as  indicated  In 
the  above  expression  for  cy-g. 

The  above  analysis  has  been  based  upon  an  approximation  for  the  pro- 
jectile trajectory.  The  errors  introduced  by  this  app-.'oxi nation  should 
be  explored.  First  it  is  necessary  to  obtain  expressions  for  the  average 
velocities  and  their  dertvatives  for  the  various  weapons.  These  follow: 
For  bomba; 


\4.y-  = 1.  I 0 VgL 


(fOOO  PC 
^ soo  F.  p.s 


:) 


For  rockets:  . \ ✓ n. 


- Va 


For  guns: 


V V,  t-  V„  ( -:pt-  ^ ' c -S-  j Ct.) 

fW-  a 'll  I,-  T ^ 

f 
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ThMit 

For  boBtba: 

(T  JL 

f<  R a. 


c - --4^^eti^o)  -2- 


•e  e 

For  rockets: 


R 


r,  ^ Rc^a  I 

i'  i-rHj]  ^(v^:^up" 


i«  '■  R 

’c<»«© 


9 


0 


■ p/  y / A, 

t«^v,©Y|  4. 


For  guns: 

cr  - ^ 9 FyOt^e 


^ (\j  i-]/ 

^ a ^ Vft,  .JsL 

n”  s S'feui.A'^.SL  — S-S^fiSLfi- 
Then,  usming  that  the  errors  are  In&pendant: 


For  boaibsi 


^ ^ ^ £^^-\  I b 4 ( 
j ^ ^ ^ v«„  aK''  I 


© 


For  rockets: 


l]”s 

3 ^CV.^VJ 


feirfe-c-sav.* 


For  guns: 


. +-  e tw  -e* 


n-  - J.  S'^iaSg  ^Y■^V'  rS  , .^b. 


-Ad  R Y 
^(~9-Zr) 


If  it  is  asBiuaod  that 


_ A© 


Y 
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For  bottbs: 


For  rockets: 


rr- ^ RCiN^  ^ ^l/n  / 

r ^ /I'- i 

For  guns: 

c^=  J,  i /f4 

= 0.0C5$)  for  various  vslues 


Figure  U plots  7^  versus  =■ 

of  Vbf  and  corresponding  to  existing  boubs,  rockets,  and  guns. 

For  rockets  and  bombs,  was  set  equal  $00  ft  ./sec.;  for  guns,  was 
set  equal  to  zero.  Actual  values  of  0~g  as  taken  from  trajectory  Table 
I are  shown  for  cauparison.  It  will  be  observed  that  the  calciiLated 
rocket  deviations  correspond  quite  well  to  the  actual,  the  errors  ranging 
from  2 to  7 percent  high  for  the  boob,  2 to  12  percent  low  for  the  A&, 
Ui  to  26  percent  low  for  the  5*  HVAR,  and  8 to  13  percent  low  for  the  gun. 
These  errors  are,  in  most  cases,  no  greater  than  those*  i/hlch  must  result 
from  assvoqptions  for  (7\.  It  appears  then  that  trends  shown  by  the  ap- 
proximate analytic  e3q>ressiona  derived  above  will  be  generally  correct 
and  that  the  absolute  values  will  not  be  greatly  in  eri*or. 


21 

^ has  been  defined  as  dispersions  due  to  all  causes  other  than 
release  e^ror  along  the  sight  line.  These  would  include  free  flight 
ballistic  dispersions,  dispersions  caused  by  mechanical  and  aerodynamic 
disturbances,  sighting  errors,  aligiuient  errors  and  azimuth  errors. 


-11- 

SECRST 


SECRET 


VER  121 


It  will  be  asaiuaed  that  these  errors  ai-e  circiilar.  The  values  given 
below  are  for  the  linear  components  = 6.  707cr{a>H;.)) . The  free 

flight  ballistic  dispersions  have  been  piven  in  other  BngOrd  reports 
(2,3,h,5)  and  are  approximately; 

34;  oils  > Bofiibs  (Existinp  boPibs  with  modified  fin  asseublies  and 

proposed  new  fajrdly  of  boinbs) 

3-7  fiils  - >cketF  (Air- fired,  fln-Btablllzed) 

1-3  mils  - Ouns  (Air-fired) 


There  have  V)aen  no  satisfactcrj  iaolatioiis  of  the  other  dlspeirsions 
contained  in  . Theiefcre,  for  the  remainder  of  this  analysis  two 
assumptions  as  to  its  value  will  l>e  made.  The  first  (lower  limit)  will 
be  that  is  equal  to  the  ballistic  di.speieion  alone,  value  to  be: 

U mils  - Bomt'S 
ll  mils  - Rockets 
2 flilla  - Guns 

The  second  (upper  llndt)  will  be  that  is  e^iual  to  dispersions  general- 
ly foxmd  in  firing  testa  coriected  for  These  values  ai^  approxiiaately 

(6). 

9 mils  - Bombs 
9 iriils  - Rockets 
5 mils  - Ouns 

Release  Error  Control  Requirements 

With  the  aid  of  the  above  equations  and  numbers  it  is  possible  to 
approximate  the  values  within  which  /5k  R,  -di  V,  and  must  be  main- 
tained in  order  that  dispersion  along  the  sight  line,  will  approach 

its  minimuBi  practical  limit.  Since 


the  juinlxauiu  limit  will  be  'T” i,  with  ^ R,  AV,  ZkO  all  equal  to  zero. 
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Bow»i«r,  It  will  be  asemed  that  a iiainljmua  limt  below  which  further 
expenditure  of  effort  to  reduce  release  errors  would  be  impractical 
will  be: 

OT 

VI,  £ 0.b(a^^, 

7 

Then  for  boobs  and  rockets: 


Per  guns: 


mils 

(o; 

S 9 nils) 

= 11  mils 

oils 

a U mils) 

= $ mils 

oils 

• $ oils) 

<r^ 

= 6 Bdlit 

nils 

{<JZ 

= U alls) 

32 .U  ails 

Then  using  the  approxloate  equation  for 

. 66i#  =.  4r  -Ship  ^ 


V 


1.3^4  07  I! 


2 R com-9 


•f-  - A 


Using  the  abore  equation,  the  maxi mm  allowable  value  of  may  be 
approxiuated.  Then  it  is  necessary  to  assign  maxlmuM  allowable  value  to 
, and  ^ © . 

R 

First,  it  will  be  assumed  that  there  are  maximun  limits  within  idiich 
these  error*  can  be  controlled  by  even  a very  simple  fire  control  system 
(fixed  sight,  standard  release  range,  trained  pilot).  A R is  probably 
the  most  difficult  error  to  estimate  or  control;  somewhat  leas  dif- 
ficult; and  is  the  least  difficult.  Experiences  of  trained  gunnery 

pilots,  firing  with  fixed  sights  indicate  that  these  erroi*8  can  be  held 
within  the  following  oaxlnaua  limits: 
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.a.  R - 0.5  R A Va  • 50  ft./s»c.  ^6  = 

It  will  be  assvMed  that  no  errors  greater  than  these  will  be 
pexmltted.  Then  the  necessary  reductions  below  these  limits  to  satisfy 
the  above  eqpiatlon  will  be  determined.  The  distribution  of  errors  will 
be  such  that  idien  all  the  allowable  maxlBnat  errors  are  below  the 
controUaMe  maximum  limits  | 

With  these  assumptions,  the  marimumi  allowable  values  have  been  computed 
for  a range  of  V^y'®  fron  $00  to  3000  ft. /sec.,  H » 3000  and  6000  feet, 
0 ■ 2(fi  and  60°,  • 2,  5>  and  9 mils  and  ■ 500  ft./sec.  The 

results  are  presented  In  Table  I.  k generalised  summary  of  the  results 


is  given  below,  for  n ^ mils. 


Wei^)on 

■fsm 

Allowable  Errors 

aH/R 

.Vv. 

e 

Guns  (V^  1500  ft./sec.) 

6000 

0.15 

0.1 

5° 

Rockets 

3000 

0.3 

0.1 

5° 

Rockets  (Vjji  1000  ft./sec.) 

6000 

0.05 

0.1 

5° 

3000 

0.15 

0.1 

5° 

Rockets  (500  1000  ft./sec.) 

6000 

0.02 

0.02 

2° 

3000 

0,05 

0.05 

5° 

Bombs 

6000 

0.005 

0.003 

1° 

3000 

0.01 

0.006 

1° 

Therefore,  If  the  effect  of  gravity  drop  is  to  be  reduced  to  a minimum 

practical  limit,  range  error  must  be  controlled  within  limits  from  A < 

I?  K 

C.005  for  bombs  to  -C.  0.15  for  guns^  Velocity  and  range  error 


effects,  for  errors  below  those  controllable  ty  fairly  simp].®  systems, 
are  negligible,  except  in  the  case  of  bombing. 

Figures  i^a  through  Ue  show  the  effects  of  release  enor  on  for 
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various  weapons  at  various  ranr^s  and  release  angles. 


Kinally  then,  the  following  expressions  are  derived  for  Pj^. 
For  bombs: 

P i . 


. I II  ' ' a 


lor  rockets*  , 

P j.  M}kLVi)  — — rr— 


(or 0 0 Pt.') 


i - CW) 


-H 


For  guns 

P. 


ms*  (^Pl  i • 5^ 

' . , M I — . 

‘'=  n-jKV«e  ^ 3 ^^jfTTpJ'vXv, 


J\ 
a A'  , 


^ ».  i SL 

■y*  ^ 


■“1 


if_s:y 

£•  a/</  / 


../ 


(RS:  iooo  Pt ' 


% 


J 


+ e ^ to^.  e -tL  ^ 

^6  J 


Figures  5a  through  5d  show  the  values  of  “~r — for  various  weapons, 

riT 

dive  angles,  and  the  limiting  values  of  plotted  as  a function  of 
range.  Figures  6a  and  6b  show  ^ function  of  for 

rockets,  and  for  guns.  The  marked  increase  of  hit  probability  with 
decreasing  ranfe  will  be  noted  In  Figure  5.  It  will  be  noted  that  no 
significant  improvements  in  rocket  hit  probabilities  will  be  made  until 
reducticms  in  inherent  dispersions  are  accomplishod.  However,  improvejaents 
in  bombing  fire  control  above  those  assumed  will  result  in  significant 
improvements  in  bombing  hit  probabilities,  Figui'e  6 indicates  that  as 
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long  as  fire  control  errors  remain  large  y burnt  or  anaslA  Telocltlea 
A be  kept  lilgh  to  tiqrove  bit  probabilities*  As  fire  control 
errors  are  redused^  velocities  may  be  correspondlngily  reduced*  It  is 
obvious,  that  with  perfect  fire  control,  velocity  will  have  no  effect 
on  hit  probability.  Similarly  as  long  as  inherent  dispersions  are  hi{^, 
burnt  or  nuzale  velocities  may  rcsMdn  relatively  low*  As  inherent  dis- 
persions are  reduced,  velocities  should  be  increased  to  improve  hit 
probabilities  * 

In  Figure  $,  the  hit  probabilities  obti^iued  in  Air  Proving  Qrouad 
tests  with  5"  HVAR  rockets,  xislng  the  A-ICH  slg^t  with  varying  degrees 
of  sensitiv  ity  has  been  shown  (7)*  Eanges  were  uncexdain,  between  2500 
and  3500  feet*  Results  were  in  remarkable  agr»wnnt  with  those  bypeths- 
siaed  with  the  use  of  the  foregoing  approximations* 

Based  on  the  data  of  Figure  5*  Figure  7 sboms  the  umber  of  rounds 
required  per  hit  (subject  to  the  errors  Inherent  in  use  of  the  approximate 
formula)  as  a function  of  range  and  target  area  for  guns,  rockets,  and 
bombs  and  for  the  co«i>inatiott8  of  maximum  range  errors  and  Inherent  dis- 
persion and  minimum  range  errors  and  Ixihexent  dlspercituui.  The  marlmtime 
may  be  considered  as  approximating  present  systems,  the  adnlmiaBS  as  the 
limit  of  inherent  ij^^rovement*  Three  target  areas  have  been  chosen,  200 
aq*  ft.  (approximately  that  of  a tank,  side  oo>),  2000  sq*  ft*  (a  pill- 
box or  artillery  emplacement)  and  20,000  sq.  ft.  (troop  vehicles  or  svpply 
concentratioa) • 

In  analysing  these  cUta,  let  us  consider  that  a raxlmuBi  of  8 rounds 
per  hit  are  desired*  Then  the  following  table  indioatos  the  maxlmnai  ranges 
in  feet  at  which  the  various  weapons  may  be  used. 


-16- 

SSCRXr 


Target  Area 

Guns 

Rockets  Bombs 

Present 

Errors 

lapreved 

P.E. 

Imp,  P.K.  Imp. 

200  sq.  ft. 

R'-3000  ft. 

R<  6000 

R<1500 

R 3000  R-clOGO  R < 1500 

2000  sq.  ft. 

R''6000 

R<6000 

R*-  UOOO 

Rc  6000  R<2000  R ^ 3500 

20,000  sq,  ft. 

E-^6000 

Rc6000 

R-^6000 

R'C6000  r^U5oo  r^6ooo 

On  the  basis  of  hit  probabilities  above,  with  specifications  as  es- 
tablished, guns  should  be  used  for  the  200  sq.  ft.  tarrret,  bombs  should 
not  be  used,  and  extremely  close  ranges  are  necessary  with  rockets. 

Either  guns  or  rockets  might  be  used  apaiiist  the  intenaediato  area  target, 
but  close  ranges  are  necessary  with  bonihr.  Q'lns,  rockets,  or  bombs  might 
be  used  against  the  20,000  sq.  ft.  target. 

'Wh 

_£  ~ Ratio  of  Total  Wurheac^  Weight  to  ArniaMent  System  Weight 
The  total  warhead  weight  cairied  by  Uie  airplane; 

The  total  armament  system  weight: 

Wq  = 1-  V\4  ^ We. 

Wg  = 

idiare: 

Wq  = Armament  system  weight 
Wh  = Total  warhead  weight 
a Total  round  weight 
= Total  installation  weight 
Wg  - Total  fire  control  weight 
Wg  = Total  gun  weight 
Hjj  a Number  of  rounds 
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wjj  = Warhead  weight  per  round 
Wjj  * Round  weight 
Wg  * Gun  weight 

^ I 

Wo  " ^ ~~ 

1 

-h  )d^  -t 

'^(0  Nf^vJ^ 

In  other  EngOrd  reports  (2,  3»  h,  !>>  9)  expressions  have  been  derived 

for  -Vs-  and  W/  as  functions  of  round  diameter,  rat®  of  fire, 

velocity  of  round,  and  subsidiary  paraateters  characteristic  of  the  type 

of  weapon.  However,  there  are  no  such  expressions  derived  for  . 

fvR^h 

Therefore,  in  this  report,  it  will  be  considered  that  compaiablo  fire 
control  systems  are  provided  for  all  weapons  (weapons  will  be  corapared 
for  the  same  release  errors),  will  be  included  in  the  basic  airplane 
weight,  and  the  term  eliminated  from  the  above  exprassion. 

Bonhs 


For  bombs,  gun  weight  is  zezx),  and  the  installation  weight  per  round 


varies  roughly  linearly  with  the  weight  o"  the  round,  Th^s 


-W 

wi 


o 


and  from  (2), 


- n o4 


1.05" 

'^h 

(considering  warhead  weight  to  be  the  total  bcwib  weight  minus  the  stabilising 


system  wei^t) 
So  that: 


w, 
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Rockets 


As  for  boinbs,  gxm  weight  is  zero,  and  the  installation  weight  per 
round  varies  i*oughly  linearly  with  the  weight  of  the  round.  Thus 


w 


'^h 


and  from  (3)» 

Wx 


L.1. 


Wi 


w 


Wl  _ 


Wi 


. so 

^ 

I i-  '^y'wp  (/  ' <2,  '^^4  ^oo) 

C/St  ^^7/n 

y T ^^cmbepj) 

3.0t^.7/o  Qxcl,  W y.lL 


Dja  = Motor  diameter,  inches 
Vjj  » Burnt  velocity,  relative  to  lauricher,  ft. /sec. 

Ratio  of  rocket  motor  weight  (burnt)  to  propellant  weight. 


Then: 


w. 


+ K, 

\ ^00) 


^ Vb 

~l  ^ .Vj^ 

Wp  (,SOO  . 

^gOQ  - W^/Wp  

Vb)^  (^SOOi-  Vb) 


-f-  K.  ^ 


^ K ^ a 3 


Fcr  siaplicity,  say 

tfpWh 

And  that 

W, 


nA 


Wi 


1 . 0 rfirchi£^ ) 

3.0  (oU^yf^ 
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Then: 


6 SCO  - Vb 


^ SOO  --  3 l/fc  / 


?^4Ci-o.i  V. 


These  values  are  plotted  in  Figure  8.  Actual  values  are  shown  for 
comparisor.  Good  agreement  is  shoi«n  between  the  estimated  and  actual 


values  for  the  older  rockets  but  probably  will  be  approached  as  develop- 
ment  continues.  It  will  be  noted  that  ^ decreases  markedly  with 
increasing  V^. 


decreases  markedly  with 


Standard  Guns 


From  Cl^»v): 


-t  .o^s'S'^  y 10 


where 


V 5 Muz7,le  velocity,  ft. /sec. 


= Projectile  diameter,  inches 
r = Hate  of  fire,  rotinds  I30r  minute 

+ 1.5. 

Wi.  . Wq 
so  that: 


I X I.SCli-  n Y.  I + ■ 

' -J  N/?  Hp  I- 


" [;i9. 1 -h.  +•  < 0.  D lo'^ 

•*K  '• 

For  example,  let  us  consider  two  classes  of  guns,  a small  caliber,  high 
cyclic  rate  gun  (say  20  ram,,  6^0  rpm)  and  a large  calj.ber,  low  cyclic  rate 
gun  (say  75  mm,,  10  nira) , Then 
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W. 


V/. 


^■SLO/vn/^n^  r: 


(yS/rMrri)  = 

w.  ^ 


.^06  X 1 0 


V^[,i36-h  i.o^xio' 

Nf^ 

1553  y 10^ 


[;./3tf-37.a  yio‘ 

No 


Values  az«  plotted  In  Figure  9*  end  conpared  against  actual  values. 

Good  agreeeient  Is  found.  Again,  It  is  found  that  decreases 

Wo 

inarkedly  with  Increasing  touszle  velocity.  It  will  be  noted  that  a 

, the 

Wa 

ratios . This  would 


nuHiber  of  rounds  por  gun  has  a significant  effect  on 


larger  niuaber  of  rounds  per  gun  giving  higher 


W. 


be  expected  until  the  total  weight  of  the  rounds  are  equal  to  or  greater 
than  the  total  weight  of  the  gun.  Also,  Inspection  of  the  above  equations 
reveals  that  for  the  same  muszle  velocities  and  rounds  per  gun,  increases 
in  rates  of  fire  decreases  • 

Wo 

Recolllese  Guns 

Froa  (5  and  6): 

^ (existing  designs)  (^ot  including 

Wj,  S X I O Y m (proposed  future  designs)  automatic  feed) 

Wr  Vh  + Wg  t *^P  .„  ^ I ^ Vn  Hr  Wfi 

y^^\.40x(O  {^2^^  Vvv\  y 

w»  4 \/  l»59 

G.lSx  10“^ 

«0.7  vyp 


(?7-105  guns) 


For  an  automatic  feed  mechanism,  we  shall  assume  (based  on  the 

. . y t f J - I 


standard  gm)  " f- 
w 


= . I o'" 


4,- 


= V, 


W x 10 


[.^5- 


. oY  55/t-~l 
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- 'm 


■ o¥-5^  y 


(proposed  new  design) 


Them 

Vo  r 


-^=V«,xio  D(i-fc -J 

•1/’-  ir  ntL^cr—-!  (“listing  design) 

= Vt„xio^^.3.<g+  , o H 1 1 

• 6 ^ (proposed  new  design) 


w 


where: 


= V 


1.5  9 


w^  = Weight  of  automatic  feed  mechanism 
Wc  * Weight  of  care  of  round 

The  installation  weight  should  be  between  those  for  rockets  and 
standard  guns,  say 


- Wo 


Then: 

Wh  . 


(existing  guns) 


W.--  V,-. 

^ n wyyj  ” 


Let  us  now  consider  a large  caliber,  low  cyclic  rate  gun  (say 


(proposed  guns) 


mn 


7^  ma. , 10  rpm)  . Then 



/ 


hi 


' + 'v’'  ) 


(existing  guns) 


J 


'/A)  fVjS^  ^ 

4«proposed  guiis) 


Values  are  plotted  in  Figure  10.  The  same  trend  of  marked  de- 
crease of  with  increase  in  V»  is  found  as  with  guns.  The 
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sipnificance  of  the  number  of  rounds  per  pun  will  apain  be  noted. 
Oun-Launched  Rockets 

as  fnin-launched  rockets  (or  closed-breech  rocket  laxinchers) 
are  still  in  early  develoTKoent  stapes,  there  are  little  statistical  data 
against  which  empirical  relationships  describing  the  family  can  be  checked. 
In  general,  it  would  appear  that  the  weight  of  the  launcher  must  be  in- 
creased over  that  for  the  pure  rocket  as  a function  of  the  rate  of  fire 
and  velocity  upon  leaving  the  launcher,  as  in  the  case  of  guns.  The 
ratio  of  rocket  warhead  weight  to  round  weight  would  be  erpected  to  be 
less  than  for  the  pure  rocket  because  of  the  necessity  for  strengthening 
the  case  to  withstand  the  higher  initial  accelerations.  Therefor®,  the 


over-all 


for  the  gun-launched  rocket  would  be  less  than  for  the 


pure  rocket.  Counterbalancing  this,  hoaever,  is  the  increase  in  accuracy, 
the  dispersions  approaching  those  of  giins. 

yor  the  T131  rocket,  used  with  the  T110K2  launcher 


5.2  lb. 

300  lb.  (launcher,  magazine,  and 

10.7  lb. 

% * 

2500  ft. /sec. 

% - 

25 

* 

650  irpra 

Ass’uaing  an  installation  weight  equal  to  0.5  Wg 

“Wc, 

•»  0^  cn  xf.  a 4^4-  /nAye 

V/«XOc.  • VD  «.yw 

This  compares  with  the  values  of  O.ljli  found  for  the  pure  rockets, 
(light  case),  0.038  for  a standard  gun  with  the  same  performance,  or 
0.095  fojf'  ft  rocoilless  gum  with  the  same  performance, 

Compurison  of  for  Various  Weapons 

!sic 

Of  the  weapons  described,  the  bomb  has  the  highest  value  of  J-JL. 


w. 


0 
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because  no  propellant,  or  structure  to  resist  the  supporting  forces  is 
necessary.  The  rtjcket  (except  for  the  closed  breech  launched  rocket) 
requires  a coaparatlvely  larpe  amount  of  propellant,  but  relatively 
little  structure.  The  rocoilleso  gun  requires  less  propellant  than 
the  rocket,  but  laore  structure.  Ihe  gun  requires  even  leas  propellant, 
but  even  more  structure.  This  will  be  noted  in  the  comparison  of  waxtiead 
weight  to  round  weights  where  the  rocket  has  the  lowest  ratio  of  the  thi^e, 
the  recoilleas  pun  an  inte^Taediate  ratio,  anJ  the  pun  the  lowest  I'atio. 

Therefore,  at  spne  number  of  rounds  per  gun,  the ratios  of  the 

three  weapons  should  be  the  same,  that  weapon  requiring  the  greatest 
structural  weight  requiring  the  moat  rounds  per  pun.  These  numbers  are 
tabulated  below,  tlie  noal^rs  corresponding  to  the  number  of  rounds  per 
which  must  be  carried  to  give  an  eqxial  to  that  of  a rocket, 


the  gun  mutzle  velocities  beiiig  equal  to  the  rocket's  burnt  velocity. 
An  intermediate  velocity  of  1500  feet  per  second  was  chosen  for  this 
comparison. 


Projectile  Diameter  ] 

1 

Kumber 

of  Rounds 

per  Gun  Required  at 

1 

J 

10  rpm 

600  rpta 

1 inch 

235 

550 

2 inch 

1U5 

31*5 

Standard  guns 

5 inch 

90 

215 

1 inch 

— 

— 

2 inch 

2095 

675 

Recoilleas  Qxms 

1 5 inch 

50 

11*5 

A similar  table  based  an  the  number  of  rounds  pwr  pun  required  to 

Wri 

equal  the  — — of  the  T131  rocket  and  launchor,  2'J75  projectile,  65)0 
Wq 

rpM,  2$  rounds  per  laiincher  and  2500  feet  ^ler  second  burnt  velocity  is 
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I w'  ' 


iv« 

11  "'.  ' 


given  balow. 

Proloctile  Dianeter  Nuaiber  of  rounds  per  gun  required  at 

6$0  rpm 

ms  lOS  standard  dun 

2975  70  RecoiUeao  Oun 

Va3ufl3  of  The  Aircraft  Anaaineirit  Logistic  Factor  for  Various  Weapons. 

As  previously  defined,  the  aircraft  araaiaent  logistic  factor  is 
the  product  of  the  reciprocal  of  the  probability  of  hit  a<^d  the  ratio 
of  total  weight  of  aruainent  systeuu  carried  to  total  woight  of  warhead 
carried.  Thus: 


L ^ « 


Ph  "'ll 


Pr,  and  fcL  ar^  mutually  related  by  their  dependence  or.  mssle 

" Wo 

(gun)  or  burnt  (rocket)  velocities,  Tlielr  variations  as  fonctione  of 
velocity  have  been  individually  discussed  in  previous  sections.  The 
over-all  variatio;i  will  be  discussed  below. 

Bombs 

For  bcmbe  is  essentially  fixed.  Tlierefore  1/L»,  varies 

vvt' 

linearly  wlUi  the  probability  of  hit.  Relative  values  of  the  product 
of  and  the  target  ai*ea  are  given  in  the  following  table; 

La-. 

^ ^ ^ 


0.1 


[ 5o5c 

9 

1 

1 

a, 500  I 
U9,000  1 
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Rockata 

The  variation  of  1/IV4  for  rockets  as  a function  of  range, 
burnt  velooltj  and  range  release  error  Is  plotted  in  Figure  11.  It 
vlll  be  noted  that  reaches  a maxlatum  (L^  reaches  a minlwui)  ulthln 
the  velocity  range  of  the  rocket.  As  night  be  expected,  the  optima 
velocity  is  someiriiat  lower  for  small  release  errors  than  for  high}  sokS' 
ehat  lower  for  large  inherent  dispersions  than  for  snail;  and  somewhat 
lover  for  short  ranges  than  for  long.  The  best  ooapromise  velocities 
(wrelghtod  toward  firing  at  long  ranges),  appear  to  be  approxlttately 
1000  feet  per  second  for  the  older  (higher  case  weight)  rocketa,  and 
1600  feet  per  second  for  the  newer  (low  case  weight)  rockets.  Both 
valxies  are  somewhat  lower  than  those  found  in  existing  designs.  Bsla- 
tlve  values  of  the  product  of  L|,Af  are  sboim  belcw: 


R-? 

3000 

1^  ^ 1 
6000  feet  j 

9 

h 

9 mils 

K 

0.1 

2600 

11,000 

13,500 

52,500 

Older  rockets 

o.$ 

5350 

15,500 

U3,5oo 

95,000 

0.1 

1650 

9100 

8150 

35,500 

Newer  rockets 

0.5 

2650 

9800 

i8,5oo 

50,000 

Standard  Puns 

The  variaticsi  of  l/l:if  A^  for  standard  guns,  as  a function  of  range, 
iiiuxvle  velocity,  and  range  release  error  are  plotted  for  two  guns 
(a  wmall  caliber  hlph  cyclic  rate,  and  a large  caliber,  low  cyclic  rate 
gun,  for  vajrious  numbejrs  of  rounds  per  gun)  in  Figure  12.  There^  optimum 
velocities  are  also  shown  to  be  lower  than  standard  design,  approxlmatelj 
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1700  feet  per  second  for  both  typos.  The  trends  of  vacation  of 
optimum  Telocity  with  release  error,  ijiherent  dispersions,  and  range 
are  the  same  as  %fith  rockets.  Relative  values  of  the  piroduct  of 
Am  are  shown  below. 


R-> 


3000 


feet 


mils 


785 

1700 

600 

1200 


1550 

ij650 

1250 

2550 


U550 

6650 

3500 

1a75o 


lU.ooo 

15,500 

7050 

9250 


Uooo 

12,000 

3250 

9500 


2*1 

«*K*r*>] 


20,000 

33.500 
15,000 

23.500 


30,000 


200  rounds 
per  gun 

1 

Siaall 

caliber 

UOO  rotinds 

high  cyclic 

per  gun 

rate 

10  rounds 
per  gun 

Large 

caliber 

20  roundls 

low'  ::yclio 

1 per  gun 

rafaf 

It  will  be  noted  that  for  corresponding  inherent  dispersions,  in 
the  ranges  of  rounds  per  gun  shown,  the  logistic  factor  for  guns  .is 
higher  than  for  the  newer  rockets  (effectivaness  per  pound  of  instal- 
lation weight  is  lower).  This  was  indicated  in  the  comparison  giren 

in  the  section  discussing  — — . The  lower  limiting  values  for  guns 

Wo 

than  for  rockets  are  due  to  the  lower  range  of  dispersions. 

Becoilless  China 

The  variation  of  lAw  rocoilless  guns,  as  a function  of  range 

0"  musale  velocity  and  range  release  error  are  plotted  in  Figure  13 
for  two  gun  designs,  one  corresponding  to  existing  practice,  and  a 
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lighter  one  corresponding  to  proposed  neu  designs,  both  taken  as  a 
large  caliber,  low  cyclic  rate  weapon.  The  optiimin  velocity  is  shown 
tc  be  approximately  1200  feet  per  second  (weighted  toward  the  longer 
range  firing),  for  present  design  and  approximately  lUOO  feet  per  second 
for  the  new  design.  The  trends  of  variation  of  optiimao  velocity  with 
release  error,  inherent  dispersions,  and  range  are  the  same  as  with 
rockets  and  standard  guns.  Relative  values  of  the  product  of  and 
the  target  area,  for  the  above  velocities  are  show  belowi 


Ltf  kf 


a> 

3000 

6000 

feet 

. 

2 

5 

2 

5 

mils 

0.1 

1150 

3330 

7350 

28,000 

10  rounds 

0.5 

3300 

9100 

U?.,500 

111,000 

per  gun 

Pronent 

0.1 

800 

2300 

5ioo 

18,000 

20  rounds 

Designs 

0.5 

2300 

6600 

18,000 

U9,000 

per  gun 

0,1 

900 

U750 

5250 

22,000 

10  rounds 

0.5 

2300 

6650 

18,000 

U5,5oo 

per  gun 

Hew 

0.1 

6S5 

3600 

3900 

16,000 

20  rounds 

Designs 

0.5 

1750 

5U0O 

13,500 

26,500 

J 

per  gun 

It  will  bo  noted  that  for  recoilless  guns,  as  with  standard  guns. 


in  the  ranges  of  rounds  per  g\in  shown,  for  corresponding  iidierent  dis- 
persions, the  logistic  factor  is  higher  than  for  the  newer  rockets,  as 

Wfj 

was  indicated  In  the  coxaiArison,  The  lower  limiting  values  for 

recoilless  gvuts  than  for  rockets  are  due  to  the  lower  range  of  disijoraions. 

However,  the  logistic  factors  for  large  caliber  low  cyclic  rate  i*ecol.l- 

less  guns  are  atialler  than  those  for  corres^xindini*  standard  giins  under 
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compurable  conditlorm. 

Oun-Lnunchod  Rockets 

The  logistic  factor  for  gun-launched  rockets  can  bo  confidantly 
determined  only  at  the  design  velocity  of  the  existing  weapon,  the  T131 
at  2$00  feet  per  second.  Assuming  its  dispersions  to  be  in  the  sane 
range  as  guns,  the  relative  values  of  the  product  of  are  given 

below. 


a > 

3000 

6000 

2 

5 

2 

5 

A% 

0.1 

1300 

7800 

5650 

32,000 

0.5 

1950 

8550 

- 

12,500 

U2,500 

These  values  are  higher  than  for  the  recoilless  gun  (20  rounds  per 

gun)  at  its  best  velocity.  However,  a reduction  in  the  velocity  of  the 

T131  would  reduce  the  logistic  factors,  until,  at  the  suae  velocity  the 

comparison  would  be  approxiiraitely  the  same  as  gl>’en  in  the  section  on 

-^^1,  , since  the  san«  inherent  dlsper^'icns  were  asaunsd  both  for  the 

Wo 

recnilless  gun  and  the  gun-launched  rocket. 

Comparison  of  Weapons  on  the  Basis  of  L^. 

KigxuHJ  111  shows  the  values  of  1^  versus  rang©  for  the  following 
weapons,  against  ttiree  target  areas,  200,  2000,  and  20,000  square  feet. 

1.  Boiw 

2.  Rocket  - Lij^it  case,  1600  ft  ./sec. 

3.  Recoilless  Guns,  Large  caliber,  lliOO  ft, /sec. 

a.  10  rpw,  10  rounds  per  g\u» 

b.  650  rpB,  20  roxmda  per  gun 
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li.  Standard  Gxms,  1700  ft  ./sec. 

a.  Large  caliber,  10  rnm,  10  rounds  per  gun 

b.  Small  caliber,  6^0  rpm,  600  rounds  )^r  gun 

Gun-Launched  Rocket  T131,  2500  ft. /sec.,  650  rpm,  25  rounds  per 
gun 

No  small  caliber  recoilless  guns  are  includod,  since  previous  exaiaina- 
tion  of  logistic  factors  has  indicated  thpir  relative  inferiortty  to 
other  weapons.  No  high  cyclic  rate  large  caliber  standard  guns  are  in- 
cluded because  of  the  practical  difficulties  associated  with  their  design 
and  installation,  and  their  relative  inferiority  in  L^.  Hie  projectile 
velocities  are  the  optiinura  indicated  in  the  pluvious  sections,  except 
for  the  T131,  whose  design  velocity  was  taken. 

The  target  areas,  as  stated  previously,  were  selected  to  roughly 
correspond  to  the  following  tactical  targets. 

200  sq.  ft.  - Tank,  or  transport  on  rail  or  road 
2000  sq.  ft.  - Pill  box,  artillery'  emplacement,  or  bridge  abutiaent 
20,000  sq.  ft,  - Ti*oop  vehicles  or  supply  concentration 
In  general,  the  tirenda  follow  tlooae  shown  in  the  hit  probability 
section,  emphasizing  the  greater  weight  of  the  hit  probability  term  in 
the  logistic  factor.  For  the  200  sq.  ft,  targets  at  t>ie  longer  ranf.^8, 
the  better  guns  have  lower  logistic  factors  than  rockets,  and  rockets 
have  lower  logistic  }?actors  than  bombs.  For  the  2000  aq.  ft.  targets, 
the  rockets  are  generally  comparable  with  guns,  but  better  than  bombs. 

For  the  20,000  sq.  ft.  targets,  rockets  are  better  than  most  guns,  but 
at  short  ranges  or  low  errors  and  dispersions,  bombs  are  better  tiian 
all.  Above  20,000  feet  bombs  will  be  best. 

The  effect  of  range  is  again  emphasized,  particularly  against  small 
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targets.  Against  tanks,  eff activeness  is  gained  only  by  fiiring  at  short 
ranges,  no  matter  what  the  weapon. 

There  are  some  rather  important  supplements  to  the  conclusions 
leached  in  the  section  on  hit  probabilities  when  the  weight  characteristics 
of  the  weapon  are  considered.  The  gain  in  effectiveness  from  the  use 
of  guns  over  rockets  against  small  targets  is  not  nearly  as  marked  be- 
cause of  the  greater  weight  ratios  of  the  puns.  However,  the  effective- 
ness of  all  weapons  is  so  low  against  small  targets  that  even  the  small 
gains  in  effectiveness  made  possible  by  the  use  of  guns  should  be  utiliaed, 
since  it  may  make  the  difference  between  failure  and  success  of  a sortie. 

Among  the  various  guns  or  gun-launched  roc*:''ts,  the  small  caliber, 
high  cyclic  rate,  large  number  of  rounds  per  guji  standard  pun  is  su^jerlor 
against  all  areas.  It  also  has  a pood  logistic  factor  compared  with 
rockets  or  bombs.  The  large  caliber  standard  gun,  however,  is  the  least 
effective  of  the  guns.  Between  these  two  lie  the  gun -launched  rocket 
and  the  rticoilless  guns.  The  gun-launchod  rocket,  for  comparable  rates 
of  fire  and  roimds  per  gun,  apj)eai*s  somewhat  superior  to  the  recoilless 
rifle  at  the  longer  ranges,  higher  dispersions,  and  smaller  areas • The 
two  are  nearly  equal  at  the  shorter  ranges,  lower  dispersions  and  larger 
targets . 

Examination  of  Effectiveness  Index  of  Various  Weapons 

The  previous  section  compared  weai>onB  on  the  basis  of  logistic 
far^-or.  However,  the  results  must  be  modified  by  the  influence  of 


the  remaining  term  in  the  effectiveness  index.  There  are 
not  sufficient  effectiveness  data  to  quantitize  the  effectiveness  indsx 
in  detail.  However,  the  relative  index  of  the  different  weajXJns  may  be 
examined  qualitatively. 
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Against  small  targets,  the  small  caliber  high  cyclic  rate  gun 
has  the  moat  generally  favorable  logistic  factor.  However,^  for 

this  veapon  is  essentially  zero,  when  vised  against  amioi'ed  targets.  The 
low  cyclic  rata  recoilless  rifle,  or  gun-launched  rocket,  which  can  de- 
liver larger  caliber  and  weight  projectiles  would  have  the  best  effective- 
ness index  against  tanks.  The  small  caliber,  high  cyclic  rate  guns  would 
have  the  best  effectiveness  index  against  convoys  or  trains  of  vehicles 
and  troops. 

Against  the  intennedlato  sised  targets,  unannored  or  of  light 
structure,  the  small  caliber  gun  still  shows  the  best  effectiveness 
index.  Against  heavy  structures,  guns  or  rockets  would  show  approxijnate- 
ly  equal  effectiveness  indices,  but  the  lower  accelerations  of  the  rocket 
would  enable  the  more  efficient  use  of  a greater  number  of  warheads. 

Against  targets  of  20,000  square  foot  area  and  greater,  bomba  have 
generally  the  highest  effectiveness  index,  except  where  penetration 
must  be  accomplished  by  the  kinetic  energy  of  the  round  rather  than  by 
explosive  effects. 
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TABI£  1 


RELEASE  ERROR  OONTROL  REQUIREMENTS^ 


^av 

XTi-  2 alia 
AR/R  AV/Va 

AeC*3 

Q’^ss  3 oils 
AR/R  AV/Va 

AeC) 

ar/R 

a 9 Bdla 
AV/Va 

ikSC*) 

500 

0.0021 

O.OOU 

0.33 

0.0033 

0.0027 

0.6ii 

0.0093 

O.OOU6 

1.5 

1000 

o.oosu 

o.ooaii 

1.3 

0.021 

0,021 

3.2 

o.oia 

o.oia 

3.0 

1500 

0.019 

0.029 

3.0 

0.031i 

0.061 

3.0 

0.13 

0.1 

3.0 

2000 

0.033 

0.070 

5.0 

0.13 

0.1 

3.0 

0.26 

0.1 

3.0 

2500 

0.076 

0.1 

5.0 

0.22 

0.1 

3.0 

o.ia 

0.1 

3.0 

3000 

0.12 

0.1 

3.0 

0.32 

0.1 

3.0 

0.3 

0.1 

3.0 

500 

o.ooUo 

0.0020 

0,13 

0=  60° 

0.0099 

0.0030 

0.32 

0.018 

0.009 

0,60 

1000 

0.016 

0.016 

0.033 

O.OiiO 

O.OliO 

1.3 

0.071 

0.071 

2.3 

1500 

0.036 

O.CiiS 

1.2 

0.098 

0.1 

3.2 

0.22 

0.1 

3.0 

2000 

0.069 

0.1 

2.3 

0.22 

0.1 

3.0 

0.1j7 

0.1 

3.0 

2500 

0.12 

0.1 

il.0 

O.RO 

0.1 

3.0 

0.3 

0.1 

3wO 

3000 

0.17 

0.1 

3,0 

0.3 

0.1 

3.0 

0.3 

0.1 

3.0 

500 

0.00i;2 

0.0021 

0.63 

R a 3000* 

Va  * 500  l’t./8ec. 
ea  20® 

0.011  0.006 

1.7 

0.019 

O.QIO 

3.0 

1000 

0.017 

0.017 

2.7 

0,0i46 

0.0U6 

3.0 

0.090 

0.090 

3.0 

i5oo 

o.oia 

0.062 

3.0 

0.13 

0.1 

3.0 

0.26 

0.1 

3.0 

2000 

0.10 

0.1 

,3.0 

C.29 

0.1 

3.0 

0.3 

0.1 

3.0 

2300 

0.18 

0.1 

3.0 

0.U3 

0.1 

3.0 

0.3 

0.1 

3.0 
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0.26 

0.1 

3.0 

0.3 

0.1 

3.0 

0.5 

0.1 

3-0 
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0.0079 
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0.26 

e a 60° 
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0.010 

0.66 

0.036 

0.018 

1.2 
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0.031 

0.031 

1.0 
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0.1 
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0,1 

]. 
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0.1 

3.0 
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0.13 

0.1 
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0.3 

0.1 
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0.3 

0.1 
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0.30 

0.1 
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0.3 

0.1 

3.0 

0.3 

0.1 

3.0 
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0.1i7 

0.1 

5.0 

0.3 

0.1 

3.0 

0.3 

0.1 

3.0 
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Vav  -t  “SLANT  RANGE  (t^)  {vav  DEFINED  AS  EQUAL  TO  (-|-) 

^t^cos©  ^ . trajectory  drop  {{^) 


^ILS) 


. M 

R 


VAve 


-TRAJECTORY  DROP  (MILS) 


TIME  OF  FLIGHT  FROM  RELEASE  POINT  TO  GROUND  (SEC.) 
ANGLE  OF  RELEASE 
• SPEED  OF  RELEASE  (FPS) 


FIGURE  1.  EFFECT  OF  GRAVITY  UPON  TRAJECTORY  OF 
A PROJECTILE  IN  A VACUUM 
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ASSUME  SIGHT  SETS  DEFLECTION  ANGLE  Eq  AT  Rq  BUT  RANGE  INFORMATION  IS 
UNCERTAIN  WITHIN  R,  = Ro+ AR > Ro>Rq-AR  - Rg 

TOTAL  DISPERSION  AT  TARGET  (m I L)  » AEo  = AEqj -AEqi  = (EqR^j^  -(EoRr'>7l') 

^0  ^0 

* Eo<^2~E2R2-EoR|  +E|R|  a Rzfe:o-E^R|(E|  -Ef^ 
^0  ^0 
. CRo-AR)(Eo-Ea)  t (Rpt  AR)  (e,  -Eq) 

Ro 

BUT  (E| -Eo)i  CONST.  X AR  = (Eq- Eg) 

SO^  AEo  = E, -E2 

THE  LOCATION  OF  THE  MEAN  CENTER  OF  IMPACT  (mIl)“  - COUST 

ASSUME  THIS  CORRECTION  IS  INSERTED  IN  Eq  , KNOWING  RANGE  OF 

THEN  INCREMENT  OF  LINEAR  ERROR  FROM  MEA N (mIL  ) = ± £rE2 

ASSUME  (1^  = E|-E2  ^ CONST.  (Ar)  ^ 

2 

FIGURE  2.  ASSUMPTIONS  FOR  RANGE  ERROR 
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FIGURE  3.  COMPARISON  OF  APPROXIMATE  AND  EXACT  ATo’, 
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SLANT  RANGE,  FEET. 


FIGURE  5C-EFFECT  OF  RANGE  UPON  HIT  PROBABILITY  PER  SQUARE 
FOOT  OF  TARGET  AREA. 
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SLANT  RANGE, FEET 

FS6URE  5d- EFFECT  OF  RANGE  UPON  HIT  PROBABILITY  PER  SQUARE 
FOOT  OF  TARGET  AREA. 
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FIGURE  6a-EFFECT  OF  VELOCITY  OF  PROJECTILE  RELATIVE 

TO  AIRCRAFT  UPON  HIT  PROBABILITY  PER  SQUARE 
FOOT  OF  TARGET. 
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FIGURE  6 B.  EFFECT  OF  VELOCITY  OF  PROJECTILE  RELATIVE 
TO  AIRCRAFT  UPON  HIT  PROBABILITY  PER 
SQUARE  FOOT  OF  TARGET 
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FIGURE  7 A.  EFFECT  OF  SLANT  RANGE  UPON 
ROUNDS  REQUIRED  PER  HIT  FOR 
A SPECIFIED  TARGET  AREA 
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Vb  - BURNT  VELOCITY 

FIGURE  8 -EFFECT  OF  BURNT  VELOCITY  OF  ROCKET  UPON  RATIO  OF  WEIGHT 
OF  WARHEAD  TO  THAT  OF  TOTAL  ARMAMENT  SYSTEM. 


SECRET 


20MM 

75  MM 

o 100 

5 

□ 200 

10 

O 300 

15  ■” 

A 400 

20 

20 MM  GUN,650RPM. 

75MMGUN,  lORPM. 

20  MM  ACT 


75  MM  ACT. 


Vj^- MUZZLE  VELOCITY.  FPS. 

FIGURE  9- EFFECT  OF  MUZZLE  VELOCITY  OF  GUN  PROJECTILE 
UPON  RATIO  OF  WEIGHT  OF  WARHEAD  TO  THAT  OF 
TOTAL  ARMAMENT  SYSTEM. 
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Vm-  muzzle  velocity,  FPS. 

FIGURE  10- EFFECT  OF  MUZZLE  VELOCITY  OF  PROJECTILES 
FROM  RECOILLESS  GUNS  UPON  RATIO  OF  WEIGHT 
OF  WARHEAD  TO  THAT  OF  TOTAL  ARMAMENT  SYSTEM. 


SECRET 


SECRET 


FIGURE  II  a-  RECIPROCAL  OF  AIRCRAFT  ARMAMENT  LOGISTIC 

FACTOR  AS  A FUNCTION  OF  ROCKET  BURNT  VELOCITY. 
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FIGURE  lib  - RECIPROCAL  OF  AIRCRAFT  ORDNANCE  LOGISTIC 

FACTOR  AS  A FUNCTION  OF  ROCKET  BURNT  VELOCITY. 
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FIGURE  12 A.  RECIPROCAL  OF  AIRCRAFT  ARMAMENT  LOGISTIC  FACTOR  AS  A 
FUNCTION  OF  GUN  MUZZLE  VELOCITY 
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FIGURE  I2B.  RECIPROCAL  OF  AIRCRAFT  ARMAMENT  LOGISTIC 

FACTOR  AS  A FUNCTION  OF  GUN  MUZZLE  VELOCITY 
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FIGURE  I3A.  RECIPROCAL  OF  AIRCRAFT  ARMAMENT  LOGISTIC 
FACTOR  AS  A FUNCTION  OF  GUN  MUZZLE 
VELOCITY 
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FIGURE 


13  B. 


RECIPROCAL  OF  AIRCRAFT  ARMAMENT 
LOGISTIC  FACTOR  AS  A FUNCTION  OF 
MUZZLE  VELOCITY  OF  PROJECTILE  FROM 
RECOILLESS  GUN 
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SLANT  RANi^E,  FEET. 

FIGURE  I4AEFFECT  OF  SLANT  RANGE  DPOH  AIRPLANE  ARMAMENT 
LOGISTIC  FACTOR. 
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FIGURE  14  B.  AIRPLANE  ARMAMENT  LOGISTIC  FACTOR  AS  A FUNCTION 
OF  RANGE  TARGET  AREA  - 2000  SQUARE  FEET 
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FIGURE  14  C.  AIRPLANE  ARMAMENT  LOGISTIC  FACTOR  AS  A FUNCTION 
OF  RANGE 
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